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COST  OF  POWER  IN  ILLINOIS. 

In  the  consideration  of*  the  cost  of  Power  in  any 
State  of  the  Union,  it  would  he  well  to  consider  the  resources 
of  that  state  and  to  study  their  effect  on  this  power  cost. 
With  this  fact  in  view  we  shall  consider  the  many  and  varied 
industries  of  Illinois.  In  this  state  11,622  miles  of 
railway  were  in  operation  on  June  30,  1904,  which  afforded 
abundant  transportation  facilities  for  all  parts.  With  the 
Mississippi  forming  its  western  boundary,  the  Ohio  its 
southern,  and  with  Lake  Michigan  on  the  north  affording 
deep  water  communication  with  the  world,  Illinois  has  excel- 
lent water  transportation  facilities.  The  state  is  rich 
in  natural  resources,  its  coal  fields  being  the  most 
extensive  of  any  of  the  states.  Agriculture  and  Manufactures 
are  leading  industries  and  rank  second  and  third  respectively 
in  the  list  of  States.  In  1902  the  state  ranked  sixth  in 

mining;  in  1906,  third  in  population  and  fifth  in  amount 

* 

of  steam  power  used  in  manufactures. 

The  natural  resources  of  the  state  are  unusually 
large,  coal  being  the  principal  and  largest  mineral  product, 
while  agriculture  is  the  most  prominent  natural  one.  However, 
the  coal  fields  will  interest  us  most  extending  as  they  do 
for  275  miles  in  a north  and  south  direction  and  225  miles 
from  east  to  west,  they  include  42,900  sq.  miles,  a larger 
area  than  is  included  in  the  coal  fields  of  any  other  state. 
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Except  in  tiie  most  northern  part  coal  is  near  at  hand  and 
necessarily  constitutes  the  main  source  of  fuel  in  the  product- 
ion of  power*  In  the  last  twenty  five  years  the  production 
has  increased  519  $,  and  during  the  last  ten  years  the  increase 
has  been  still  more  rapid*  In  the  year  1905,  38,081,574 
tons  were  mined  and  a large  portion  was  marketed  within  the 
State* 


The  manufacturing  industry  in  the  State  is  very 
great  and  has  also  a bearing  on  the  use  of  power*  The  ef- 

t 

feet  of  a “heavy"  industry  on  the  utilization  of  power  is 
quite  marked  and  while  Illinois  may  not  have  as  much  as  some 
states,  Pennsylvania  for  example,  still  the  amount  of  power 
consumed  is  comparatively  great;  Illinois  being  third  in 
the  United  States  in  the  capacity  of  power  station  equipment* 
In  1905,  65,840  horse  power  was  recorded,  or  an  increase 
of  55*1$  over  that  of  1900* 

The  kinds  of  power  used  in  Illinois  may  be  includ- 
ed under  three  heads,  viz: 

(1)  Steam,  with  auxiliary  electric  transmission. 

(2)  Oas  Power,  and, 

(3)  Water  Power* 

Steam  Power  constituted  75*3$  of  the  total  horse  power  in  the 
State  in  1905,  and  85.1$  in  1900*  Electric  power  as  an 
auxiliary  of  steam  power  constituted  19.8$  of  the  total  in 
1905,  and  8.3$  in  1900.  Oas  power  is  a comparatively  new 
feature  of  industrial  developement,  and  consequently  is  still 
small*  In  1905  the  total  horse  power  in  the  State  was  12,319 
while  in  1900  but  8,758  horse  power  was  recorded  showing  an 
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increase  of  nearly  50  per  cent.  Water  power  has  been  very 
limited  owing  to  the  nature  of  the  rivers  and  their  inadapt- 
ability for  the  production  of  power.  However,  some  water 
power  is  available.  In  1905,  Illinois  had  15,030  horse 
power,  and  in  1900,  11^614  horse  power,  showing  a very 
slight  increase.  From  the  above  it  is  seen  steam  power 
is  the  principal  power  of  the  State,  and  for  our  discussion 
steam  power  with  auxiliary  electrical  power  will  be  consider- 
ed principally,  altho  a gas  plant  has  been  available  and  will 
also  be  discussed. 

To  all  consumers  and  generators  of  power  the  hope 
for  a continuance  of  dividend  paying  power  lies  in  the 
possibilities  of  decreased  cost  of  production*  Many  things 
enter  into  this  cost  of  production  which  can  probably  be 
reduced  and  which  consequently  will  reduce  the  cost  of  power. 
However,  the  exact  determination  of  the  cost  of  operating 
any  given  power  plant  is  nearly  impossible, present ing^as 
it  does,  problems  that  do  not  admit  of  mathena  tical  computa- 
tion. Further,  no  one  plant  can  be  picked  out  to  represent 
some  certain  class  owing  to  the  particular  features  of  each 
individual  plant  and  the  conditions  characteristic  of  but 
one  plant  alone*  However,  from  an  analysis  of  these  costs 
the  following  heads  present  themselves  as  affecting  design, 
location,  operation,  etc.- 

First-  First  Cost. 

Second : Fixed  Charge s . 

Third:  Salaries  of  Officials  and  Wages. 
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Fourth:  Fuel,  Cost,  and  ? 

Fifth:  Miscellaneous  Expenses. 

The  location  of  a power  plant  has  a direct  bearing 
on  the  cost  of  plant  and  necessarily  on  the  cost  of  power. 

The  price  of  the  land  on  which  it  stands  must  be  considered; 
the  proximity  of  the  source  of  fuel  supply  and  the  value  of 
this  fuel,  as  steaming  fuel^demands  attention.  Again, 
location  must  be  considered  in  regard  to  output,  so  as  to 
reduce  the  transmission  costs  and  losses.  Railway  and 
transportation  facilities  for  machinery  and  fuel  shipments, 
must  be  included  in  a desirable  location  for  convenience 
and  adaptation. 

In  reviewing  the  power  plants  in  the  following 
sections  the  cost  of  power  and  its  relation  to  location  as 
discussed  above,  might  be  better  understood  by  seeing  the 
map  with  power  plants  located  by  black  circles  and  lettered 
as  arranged  in  summary.  A study  of  these  various  locations 
will  doubtless  give  an  insight  into  the  important  bearing  of 
location  on  cost  of  developed  power.  However,  other  con- 
ditions of  operation  must  also  be  considered,  for  at  times 
these  might  over  balance  the  effect  of  location. 

The  object  of  this  thesis, then,  is  to  consider 
a number  of  power  plants  located  in  various  parts  of  the 
State,  taking  into  consideration  irregularities  and  peculiar- 
ities, and  to  determine  the  cost  of  power.  Also, to  determihe 
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relation  between  this  cost  and  various  items  connected  with 
operation  and  other  power  plant  costs,  and  to  deduce  curves 
showing  these  relations* 

In  order  to  ascertain  the  cost  of  power  in  Illinois, 
it  was  decided  that  the  original  sources  should  be  investi- 
gated. Instead  of  collecting  and  summarizing  the  results 
of  other  investigators,  or  of  working  out  values  from  the 
steam  consumption  of  certain  types  of  engines  and  the  price 
of  coal,  it  was  thought  that  a direct  result  might  be  obtain- 
ed by  appealing  directly  to  the  manufacturers  of  power  thru- 
out  the  State  and  finding  out  what  their  power  was  costing 
them*.  To  this  end  letters  and  record  sheets  were  sent 
out  to  power  plant  managers.  At  first  twenty  requests 
were  sent  and  the  results  from  them  were  so  encouraging  that 
fifty  more  were  sent.  The  companies  were  selected  from 
the  list  of  the  Illinois  Manufacturers  Association.  They 
were  representative  in  all  respects.  They  manufactured  all 
the  various  kinds  of  power  and  v/ere  distributed  among  all 
the  principal  industries  of  the  State.  An  endeavor  was 
made  to  distribute  the  circulars  among  the  steam,  water  and 
oil  power  and  between  central  station  and  manufacturing 
plant  stations  in  the  same  proportions  as  the  total  amount 
of  power  is  divided  by  Bulletin  52,  Census  of  Manufactures; 
1905,  Illinois  published  by  the  Census  Bureau.  The  returns 
have,  somewhat  roughly  kept  the  same  proportions.  No  attempt 
was  made  to  investigate  gas  engine  and  producer  power.  For 
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information  on  that  subject  the  reader  is  referred  to  Prof. 
R.  H.  Fernnald’s  report  from  the  United  States 

Geological  Survey.  As  stated  before,  seventy  record  sheets 
were  sent  out  with  their  accompanying  letters.  A sample 
letter  and  information  blank  is  shown  herewith;- 


wUrbana,  Illinois. 

February  4,  1908. 


Dear  Sir:- 

The  enclosed  blank  is  a record  sheet  of 
some  important  statistics  on  the  comparative  costs 
of  different  kinds  of  power,  being  collected  by  the 
Mechanical  Engineering  Department  of  the  University 
of  Illinois.  In  order  to  make  the  compilation  as 
complete  and  exact  as  possible  it  is  desired  that 
you  fill  out  this  blank  and  return  to  the  writer. 

It  is  to  be  strictly  understood  that  no 
names  will  be  published  and  no  political  or  commer- 
cial use  will  be  made  of  the  knowledge  secured. 

Thanking  you  in  advance  for  your  kind 
consideration,  I am 


Yours  very  truly 


Assistant  Professor  Steam  Engineering 
In  Charge  Mechanical  Engineering  Laboratory 


n 
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RECORD  SHEET  FOR  LAST  RECORDED  YEAR. 


GENERAL  DATA 

1.  Name  of  Company  Located  at 

2.  Total  cost  of  power  plants 

i 

3.  Total  output  of  plant,  H.  P.  hr3..... 

Kw  hrs 

4.  Character  of  service  

5 . Average  length  of  day  run,  hours  

6 . Average  load  factor  

7.  Total  salaries  of  operating  officials............. 

ENGINE  ROOM 

1.  Kind  of  units  Capacity, II. P. . . 

il  tt  It  it  u p 

tt  tt  tt  H H P 

2 • x o t al  wage  s $ employe  s,  ^ • ® . . ............... ............. 

3.  Other  operating  expenses,  such  as  oil,  etc.............. 

4.  Miscellaneous  expenses  not  classified  

BOILER  ROOM 

1.  Boilers  No. ........ .Total  capacity  in  H,P. 

2.  Total  fuel  burned,  tons  

3.  Average  cost  per  ton  $ 

4.  Total  wages,  employes  $ 

5.  Other  operating  expenses,  oil,  waste,  etc., 

G.  Water  supply-Cost  per  1000  gals, ........... 

7,  Exhaust  Steam  Heating?  .......... 

REMARKS, 
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It  is  believed  by  the  authors  that  the  agreement 
as  expressed  in  the  letter  has  been  kept  in  all  particulars. 
Twenty  three  companies  answered  the  letter,  seventeen  of 
which  returned  the  record  sheet  more  or  less  completely 
filled  out;  five  were  unable  to  accede  to  the  request  be- 
cause of  lack  of  data  in  the  proper  form,  and  one  returned 
a point  blank  refusal.  In  analyzing  the  replies  it  was 
very  evident  that  few  of  the  companies  have  good  cost-keeping 
systems.  In  fact  but  one  company  was  able  to  give  informa- 
tion such  as  to  show  that  complete  records  were  kept.  Among 
the  items,  which  it  was  astonishing  to  find  the  companies 
did  not  know  about, were: the  size  of  plant,  cost  of  plant 
and  load  factor.  In  cases  where  these  items  were  unknown, 
a close  estimate  was  made  as  to  the  size  and  cost  of  plant, 
and  the  load  factor  was  worked  out  from  assumed  values 
of  the  day  run  and  working  year.  Although  this  destroyed 
in  a measure,  the  value  of  the  work,  yet  it  was  thought 
that  no  large  errors  were  made  in  the  assumptions. 

From  the  returned  record  sheets  the  data  was 
tabulated.  For  all  tables  the  kilowatt,  the  kilowatt  hour 
and  the  dollar  were  the  standards  of  measurement.  All  calcu- 
lations were  made  on  the  slide  rule  to  three  integral  figures. 
Altho  most  of  the  stations  were  heating  stations  no  attempt 
was  made  to  compute  the  value  of  such  heating  and  it  was 
not  considered  in  the  cost  of  power.  Station  B,  was  a 
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purely  heating  station  and  shows  the  modern  practice  of 
central  station  power  and  central  block  station  heating.  The 
load  factor  was  expressed  in  per  cent  and  considered  as  the 
ratio  of  the  total  yearly  kilowatt  hour  output  to  the  product 
of  the  size  of  the  plant,  the  length  of  day  run  and  the 
working  year*  For  table  No.  Ill,  interest  was  assumed  at 
5 ^ of  the  total  cost  of  the  station,  insurance  and  taxes, 

2 and  depreciation  at  6.5  or  7 <fo,  depending  on  the  type 
of  station.  Maintenance  was  taken  from  Table  No.  2. 

The  distribution  of  the  stations  is  shown  by  the 
map  on  following  pages. 

Following  this  will  be  found  the  table  giving  the 
costs  as  derived  from  data  obtained  from  correspondence.  A 
close  reading  of  this  will  give  a good  insight  into  the 
nature  and  kind  of  plant,  which  might  prove  helpful  in 
studying  the  succeeding  curves  and  tables. 
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ILLINOIS  GEOLOGICAL  SURVEY. 
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The  conclusions  are  shown  mainly  hy  the  curves, 
and  they  will  he  discussed  first. 

Curve  No.  1 shows  that  the  larger  stations  consider- 
ed cost  more  per  Kilowatt  than  smaller  ones,  chiefly  because 
they  are  better  stations. 

Curve  No.  2 shows  that  increasing  the  load  factor 
greatly  decreases  the  cost  of  power  per  kw  hr. 

Curve  No.  3 shows  that  larger  stations  make  power 
cheaper  than  smaller  ones. 

Curve  No.  4 shows  that  the  operating  cost  per  kw 
hr.  is  much  less  in  large  stations  than  in  smaller  ones. 

Curve  No.  5 shows  that  the  cost  of  labor  per  kw  hr. 
is  less  for  large  stations  than  for  small  ones. 

Curve  No.  6 shows  that  the  ratio  in  per  cent  of 
the  labor  cost  per  kw  hr.  to  the  operating  cost  per  kw  hr. 
is  much  larger  in  small  stations  than  in  larger  ones. 

Curve  No.  7 shows  that  the  labor  cost  per  kw  hr. 
is  a smaller  per  cent  of  the  total  cost  per  kw  hr.  for 
large  stations  than  for  small  ones. 

Curve  No.  8 shows  that  the  cost  of  fuel  per  kw  hr. 
decreases  as  the  size  of  plant  increases. 

Curve  No.  9 shows  that  the  higher  priced  plants 
make  power  cheaper  than  low  priced  plants. 

Curve  No.  10  shows  that  the  cost  of  operation  per 
kw  hr.  decreases  rapidly  as  the  cost  of  the  station  per  kw 


increases 
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Curve  No,  11  shows  that  the  per  cent  that  the  main- 
tenance cost  is  of  the  total  cost,  decreases  as  the  unit  cost 
of  the  station  increases. 

Curve  No.  12  shows  that  as  the  load  factor  increas- 
es, the  operating  cost  per  kw  hr.  decreases  very  rapidly. 

Curve  No.  13  shows  that  as  the  total  output  in- 
creases, the  cost  of  power  per  kw  hr.  decreases  slightly. 

Curve  No.  14  shows  that  as  the  labor  cost  per  kw 
hr.  increases,  the  total  cost  per  kw  hr.  increases  in  direct 
ratio.  Other  conclusions  are  as  follows 

As  a general  average  operating  expenses  are  about  60$ 
and  fixed  charges  40$  of  the  total  cost. 

Fuel  is  the  largest  item  of  operation  expenses, 
amounting  in  general  to  60  $,  while  labor  amounts  to  33  $ , 
and  maintenance  and  miscellaneous  to  7 $. 

The  usual  assumption  of  2 $ for  maintenance  is 
about  right  since  the  general  average  of  our  sixteen  plants 
was  1.89  $. 

Water  power  is,  generally  speaking,  the  cheapest 
power,  despite  the  high  first  cost  and  fixed  charges. 

It  cheapens  power  decidedly  when  waste  products, 

3Uch  as  refuse  from  wood-working  factories  are  used  for  fuel. 

The  miscellaneous  charges  should  not  run  above  5 $ 
of  the  total  cost  of  power  under  ordinary  conditions. 

Power  can  be  made  in  Illinois  for  .75 ^ per  kw 
and  in  no  cases  should  cost  more  than  2.5^  per  kw. 

While  from  the  very  nature  of  the  problem  and  the 
diversity  of  kind  of  plants  investigated,  the  results  of  this 
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thesis  are  not  comparable,  yet  the  authors  believe  that  the 
conclusions  reached  are  in  all  cases  quite  true  and  justifi- 
able. 

Prom  the  above  it  will  be  seen,  the  cost  of  manu- 
factured power  in  the  State  of  Illinois  is  a variable  quantity. 
Many  conditions  throughout  the  State  affect  this  cost  to  a 
great  degree,  and  the  prudent  manufacturer  will  well  con- 
sider some  of  the  points  herein  mentioned,  before  final 
selection  and  definite  location  are  decided  upon. 


-o- 


BIBLIOGRAPHY 


An  investigation  of  the  cost  of  Power.  Gray. 

J.  F.  Inst.  152.4  Oct-Dec- ' 01. 

Cost  of  Power.  Foster. 

Trans  A.  I.  E.  E.  14:585  July  27,-1897. 

Cost  of  Steam  Power  per  I.II.P. 

Eng.  Stm.  40:  741.  Oct.  1,  -'03. 

Cost  of  Power. 

Am.  Engineer  & R.  R.  Journal.  79:  329  Sept.  -'05 

Comparison  of  Costs  of  Steam  Power  Production. 

Power  27:12  Jan.-' 07 

Sale  of  Power. 

Engineer  40:106  Jan.  -’03 

Comparative  Cost  of  Steam  and  Water  Power. 

Eng.  Mag.  15:  6:  922  Sept.  -’98, 

Cost  of  Power  for  Small  Plants. 

M.  M.  10-202  Dec.  -’01 

Cost  of  Power. 

Power  27:  748. 

Electric  Power  Costs. 

Eng.  41:  719  Oct.  15,  -‘04 

The  Figuring  of  Total  Costs. 

Eng.  Mag.  V.  20:  229. 


Determination  of  Cost  in  Isolated  Electric  Plants 


v.  20:  1082.  Eng.  Mag. 

The  Cost  of  Power. 

Eng.  Mag.  V.  21:  771. 

Cost  of  Energy  in  Electrical  Supply. 

Eng.  Mag.  24:  181. 

Steam  Costs  in  Industrial  Combinations. 

Eng.  Mag.  23:  86 

An  Analysis  of  Central  Station; 
operating  costs  and  revenue. 

Eng.  Mag.  29:  238. 

Cost  of  Power. 

Eng.  Mag.  32:  440. 

Power  Transmission.  (Benjamin) 

Eng.  40:  102.  Jan.  15-' 03. 

Cost  of  Construction  Steam  Driven  Electric  Plants. 
Eng.  News.  Dec.  19-' 07. 

Cost  of  Steam  H.  P.  per  annum.  (Webber. ) 

Eng.  V.  40,  p.  195.  Feb.  2,  - 


F.  Koester. 


# 03 


